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(54) OPTICAL DEVICE AND SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical device having a 
photonic crystal structure in which an optical integrated circuit can 
be easily formed. 

SOLUTION: The device is equipped with a first electrode, an 
electro- optic substrate made of a solid material formed on one 
surface of the first electrode, a photonic crystal region made of a 
solid material formed in the electro -optical substrate, a second 
electrode patterned on the surface of the photonic crystal region 
opposing to the first electrode, a means to apply a voltage between 
the first electrode and second electrode, a means to allow light to 
enter the photonic crystal region under the second electrode, and a - 1 
means to receive the light guided by the photonic crystal region p2x^ 
under the second electrode. ( I 
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r)Vi-'^M.h^j:^. vSttaFtcJ:0x-y^>yi7^igt 
t.tz~ity'm')i"^Mi. vitt«FfcJ; Ox-y^ 
^iJ^SgT'S)!.. Lfc*>'-:>T. ±ier5Xvx.y^>i/ 
tc<fcn«mfiSlSt^5. =5r'?>l/tcm^^a«2S:x.y 

[00 52] 118 (a) , {h) hZ.mMl. 5m\,Z% 

£E$rEPJD-r^:tr&com^-r. ( a) tci^v^T. 7li« 
ffMi: LT<0«^IB|K. 8{i^S»fiR. 9{i«EjS7«0 

. 1 0 5 ««g 9 ^SM-r -I. A« V ^-f 

mffii{i«ffij!i7ioft!ic7)m@tcti^$tL/::^«a 
Wis t mm-^ tti^ izm^m^zm^^tixmm^tix 

msm7ii.^mm8tmm9<^mzm&<om^ 
mmi:^^^. ^mmmat^mv^^-iotizx 

0«ffil. 5P^tcS£E5rEP3pf^^. Ccoidtc, 

fis 1 . 5 lSicmjE**Epiirr -g. J; d i>zx'^ i , 
[0053] ( b ) {i. mM,m^mm2cr>±m\.z. tzt 

S i 02tj:^i^^l OOSrJ^figtT. -eoi 

^m^y^-^-iotzj^iy^mmi 0' ^miS.L. 

^(^Mmm 1 0 • Sr^® 10 0 icj^BS tfz:^Jl^-^^- 

}Vi:ifLxm,m5 tmrn-th t ki>iz. ^av-f-v-i 



«^wte^sfi22<oj^§o3mms<?)itft^^^tm«. 

^oie^Ji 10' 2 <>:7c:7 * h X .y i?MS«iS4 

(Il20|||fe««l) 09«iSi^3t^&|f&i:tTf^ffl-r-S. 
fci.. Hilll<7)«fii. 2{i«^7t^S:K, 3{iS?L. 

4 ii'm^^mc. 2'pco2d&cy:fh~yi^ i^^mm. 

Srfflv-t/c. «®5coli{i35?L3<7)ie?iJil^a«O2fgJ:0 

<7)mmmxi>mmt-t?>,mmi. sm(r>msmuizx 

^2<Xytyyfh-^yi!^i^^mm4cr>f^. mM5X'mhtl 

fzm.mimm^ixt:2}X7tyif h-'yi:^i^^BmMt^j: 
I., mffii . 5mi,z'mm^m\i-ti>::tizx igfts^ 

mzX^m±-t^Xd^zLfz. 1 1 i: 1 2{i3^7r-Y^N' 

~x'h 0 . -etim^^'m^oK^a^ 2 o^wc-. 5 

it. 

[ 0 0 5 4 ] mffi 1 . mM5K^a«2 , m 3St/^?L 

3 a 1 (T^mmmcT)^-^ tmtx-hh.^ 
mmmii. vM5t5Xx/6commimM^x'$>h}^i}K 
mKrmsf&mtm^h, m-^x. 2W€y^h-'yi^t^ 

^mm4(7)y ^ b X .y N'y Hlg^tiia 3 ( a ) T'?> 
S.mffil, 5ll^<7)m£EEPMcJ:i>1gSP§nJt2<J:7C 

7 :r hX .y :J'M^^<07 * bX .y b'^mjtli, « 

m, 5m(Dm\mzizx'o^iti-. mmrnKt^ox-h 

^m^CDyyfh-'yi^J-^yVmmimS (a) . epjd« 

mt^v s: Epjp L^ci^o^ ^ h X .y ^ H mmm 3 

[ 0 0 5 5 ] mH 1 . 5PsltcmE^EpjD-^-f ^y r 
^^N'-l 1 tcj: ^y6x.^^;U^-ijiA(r)yt^mm5X'mh 

tirzmm(^m^^mm.2(DmmizA»ti> t . xm^ 

iiyylrh=. y^^<yV^^'yyfpcr>^X'hh<^X (113 

( a ) #B§ ) 2 »:7n7 * b X .y ^ ^B^^J^4 S-^®-C'# 
-r. 3t7r-f^^'-l 2'\3fe{iai:>3$n^v^, Sffi 
Is 5PBllc«JEV^EnJPL/::J»-^, iggl|i$tL^c2yi:7C7 
^ hx.y :?ilSafBJ^t07* hx.y i^^NVHItJitiES 

(b) t^|>cOT\ AM3^{4^gfiiP$ixJt2<^s:767:j-hx 
•y^'iiS^^^Sr^T'^^iatc^-S. igt»$tl/i2iX 

jc7 * hX .y ^iSaM^^|^< 2<X7C7 * hX.y ^jg^ 

^1S4 <Og5ii"<7):7 :r b X >y ^^nV K«it«E|]jD^tcB!I 

«^<Ei3 (a) -cab-?.. ^<7)tzib. xmmimm^ti 
rz2}!>:7ty^h-y:^m^Bmm^m< 2Wty^ v~^y 

91^^m4\.zmiX%^. m»^iXf^2^dmyirY- 

-j9^^mm.nu^wm.x%yrAf<>- \ 2^t^-h 

[0056] iixtc^LT. ^1. SIStC^SrEH&D 
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Is SmizME^maL^^^^. 3e7r'f>'N'-l It 
at^T'f^N'-l 2Ji3ie^tc:g?iE$n^:V%3!>«. mffil. 
5^tcmffiVS:EpjDL:^ci^l:{4. 3t:7r^^N'-l lb 
^yr-i 1 2 \mm^tLtz2<!Kjty * hri .y ^jga 

[00 5 71 ^t3, 3|s:^SiS0IJ-C'i. ^8 (a) , (b) 

(ll3O^ife0a) 01 0{4L*M3t#jSS&fc tT#ffl-r 

|glc7)«ffi. 2{4m^^a:K, 3{4m, 4{4m^ 
^»tti2tf«02<X7c:7=rh--y^7ifeSffl^. 5{4^20 
mSET-fcl.. 2|s:^M^J3-e{4, m®5^L^i:L/i^ 
tc*3V^TIISfiM2 flfe{i|pIt-CS>&, * 

^jfi^HT-i, , 1 , 5 \,zmm.ifim\i^ixh 2mt 

%yr^)^~\ ^{.z^-h'^fth . ^c^iatc. ^mmm 

c 0 0 5 8 ] 1 . 5 ratcmffi^ EPJd t =5rV ^^-^fc 
%2<rmm\mk. -^mm^x-mmmbx^x^ 

fflL^v-*. ts!o-C*IIJfe«?ij3{4, m®l. 5^<7)«ffiSr 

^^x^ -yi-tLxupm-th, 
{m4<Dmmm) mi nts^rnxm^^ttxi^m-r 

mic^mm. 2{4m^^a:^, 3{4^?l, AimM^ 
^m&.2'pco2d:7ty yi-h ^-y^m^mm. 5iim2(r> 
mmx'h^. ^mm4X'it. mms^s^tLtc}^ 
izt5\>^xmmm2 . 3bm^^<7)i^x\ mimtxh 

ioo5 9]:$mmm4:i,zis\^xi>. s^m®5-es 
JbtLtimmi. mmi. smizmmirmm^ti^t. m 

m^ttfz2<Xy€y^h=.^y:^i^^mb^j:&, 2d:7iy 

* h—-y^'^ffBmm4C0yth — 'y^J^y\^m^i5XX/ 

(r>y:th-'yi^j^y]immii. mi<r>mmm<r>^bm 

tX'hh (113, 4#M) , 

c 0 0 6 0 ] ^2 . 3(Dmmmmm. ^^mmmxmmm 
^bLxi^m-t^. m-h. mmi . 5mzm&y^m\i 



^M^-it^ b . :mmimm^tLti2}kyty * h^:^ «y ^ 
t^^mm^mm.Lx^yr^^<-i 2^biii:h^ti^, 
icoiatc. ^mmii. y^h:=.'yi^m^Bmm(^tm 
m^izmL^^j:Mmmmmmi:mm-t^s'mMim 
mi^bLx-t^m-t^, 

[006 1 ] --Jj^ mmi. 5^{C«ffiSrEPJDL^Ui© 

-^tut. m2. 3<mmmmm. ^mmitm&^bL 
xi¥mLKc^\ m-ox:mmm4ii. mmi. sraom 

S.^^t^-^hZbizX'O. 3K7r>fA-l Ib^yr 

■i 1 2 <om<7>m^^^mmS.i^}L * C: i: ifiX^ . 

mmdt^x^ -y^b LT^ffl-rs. 
{m5<7)mmm) mi 2xtT^^mm^b Lxi^m-t 
h:^^m(Dm^mr>±mmi}^ii>M.i:zmmx'»>:h, U4 
mi(^mm. 2iim^^^mm. 3{4^?l. 4iimM 
^mm2'p<D2wty^h--y^m^mm. s\i^2<r> 
mxhh. ^^mm5x\i.. m^s-^r^mbhtzj^ 
^zii\,^xmm2-4bm^j:h(D?i.x. m,m}:^xh 

[0062] immm 5 tcts^^^-c t . T^mm 5 xm 

hiMz^mt. IWil, 5^tcmJE*EPJD$nSi:. 
filp$nf^2<J:7E;7=r hrL-yi?^B^B^iigi::5r^, 2yi:7n:7 

m&mvAzi.hm»^tx.fz2^d^y:):v-v^^^^m 

(7)7 :r h- -y ^'ys'y KfilitJi. ^ 1 <rmm\<ry^b n 

(123. 4#gB) . 
[0063]m2-4 0|ISil^J[SI«, *||M^J{i7t#J* 
WhbX^X'^mth. fip-fe. «®1. 5ratc«ffiV2rEPJn 
LT , 3ie:7 r 'f >''?- 1 1 ici ^%:xi.^iV^-1fiK<r>%^ 

x^'^^hb. xm%\mm^i\.tz2wty^v-'yC' 

-12. IS^b^-n'^h.h. ^Octdtc:. 3|s:^ife«?iJ 

{4 . y^v-^y-^ m^w&(r>^mzwmmmmM 
ifi'owm-^mthT^^mMmw^nb x^xm^^th. 

[0 0 64]-:^. mmi. 5ratcmjES:EpjDL=5ri'^^ 
■^tc{4. II2-4<O|IM0«|SI«. *IIM0!|{4^«itSSfc L 

Tf^fflL^rV\ t¥oT*IIM^j5{4, «®1, 5^c7)« 
ffiSr^'fL^-lirl.^ttCctD. %yrA)^-\ \ b%yr 
^N'- 1 2 . 13 iOPBlc03K^e<J»ig!tt® Sr^x. ^ ^ i: 

[0065] ±Kl!Lfcl^2~5c7)^M0iJf*L/oJ; o 

2J^7C7* h->y;?M^4 4'fclS2cO« 

iixJf, W.2<r)mW^m:mS^x.h^b\iZi,^ ^ as 

(ll6O||*fi0!l) 01 3{4. 3fe^l«^8S*Jj:l^^$!«t^X 

A 'y^ti^t:,t£h^m^nb \.x'mth^wy^<^mt 
m<r)}Lmmti-h^fm^xhh , i\t^i(^m%.^ 2 

Mmm^t^W^. 3{4^?L. 4{4«^^»:K24'C02 
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xmm2-5tm^j:h<r>^x\ mtn\ix'hh, m.-y 

X.mMl. 5^t>j:l^«@l. 1 4ratc«ESrWJnL. 

mm(>h^j:h:it. tti. 2iiKmy*h~'yi^i^&mm 

h-.y^^N'yK«it{4, micn>^mcr)m^hm^X'h 

h (MS. 4) , z^x\ mms tmmi 4<Dmmdt: 
2WLy h-^y m^mm4(r>^rmwia.xK>i>A-^^ 

<-t^tti,l,Z. ^(7)m.miZ2<X7ty^h-'y^1^^i: 

[0066] ^mmex-li. ^yr^^^-1 1-13 

tmmmstmmizmi(^tLx^^h:tii. mms tmmi 

4Ut^M^ixi>tti,iz. :itHzMti^ti^mKim 

iiLxmm^ti^. m-^x. Tt^r^^-^-i i. 1 2m 
a. mmi. 5mzms.vt:mttti>:itizj;:K>. mm 
^tifz2Wuyyi- h-'vi^m^mmtr^Lxmm^ti^ 
*^ 3t7r-f>'N'-i 1, 1 smt. zixfmTi±. mm 
1 4 izMm't^mmi'mm^nfz2d:7ty * h- •/ ^is 

5 . Rx/mm ibmmi4 comiz 1 1 izmKv ^ mn 

3fe7r^>'^'-l Hci; 05tx:t-;W^-*^'A<O3^$r. 

?jtimi:i<7)mm^mm^ti. mm5cr,T!^^x'^m^ 
tL^ ^yr-fj-^-i2^i!)>ti^tti>i,z^ ytyr^^< 
-1 3^t^*^m.. 

[00 6 7] :Lco^oiz^ :^mmM6ii. mmstmm 
1 4 izi}Hf^mm^:mnzmm-t^ ^tizx'o. ytyr 
-f>'^'-l ii3^(:>mx-^ixfzytcr)mm^ytyT^^'<~i 2 
(^^. h^^^i^^yr^^'i-i 2ti 3comij<o\,^i'tL 

mm>i:>^i>^mm^t Lxmrn^-^t^zttfix-^ 
K^Knmmm) m4X'w^\^tz:^o\,z^ 2<^7c7=)-h 

±^L>^c^6cOSIM«?iJ (HI 3) ^^^RSUKHlSSi: 

1.14 <^'m<r>mm&.^^\Y.'^^^f^<n>wm \4<n 
'smznm-hmm^Kfz 2 wty ^y--/ ^m^m^m 

srii-r. Pi^tc, w&3(rMmznmth'm>^fvrz2 



1. 2VC0^. C:O®^{4x;tx;i^df-AtEC03t*3<J:l/ 

[0068] «!-7t:. msi, siaici. 2vcomffi. 

m®l, 1 4ra{cvc7)^E$rElJjDL. 3t:7r-fvN'-i 1 

i> . z.t\.h(r)%\tmM. 5 izMm-thmm^ tit: 2 
y^h=.-/ ^m^mM^mmtxmm5(r>T!^ux"!i^m 

3l67rWvN'-l 2mi)''ix?>ttUz^ m®14tc 

, 1 . 5mizii 1 . 2 vco«jE>&*eiJra;^ix-C 
V^S*^^>. 3t7r-^>'^'-l 2{i:x;t-;P^— >{)iE<03Kt3a: 
t^x^>;P=^-;&iDc7)M:S-<03tS:^3tT# «ffil. 
14ll^^:«®EV5&^E|J3lD$i^TV^-&<OT. TKr^T'f^N*- 

1 3{4x:t^;U:¥-*^'Eco5feiO;^L*^3fCi;^V^. do 

J: o i>z:^mm7ii. 5 . 1 4 izmthmK^mm 
■ti>^tx\ i&-Mmimmbtxim^i>i><otx'^ 

{^.^(nmmm) hi 5(4. -^mstxA -y^t vxi^ 
m-t^^^mcommM(r)±mmi)-(^^fzimmx'h^. 
nmi(7)mm. 2itm^^mu. su^Ji. 4 {4m 

^^^24'<02»C7c:7=j- h-'yi!^U^m. 5 1 . 

5 2 J4^ 2 (Dmm. 1 8 {4ig 3 cr,mmx'$} t . 
8 •c{4. m 2 (Dnm^imMtim^ LtzY^cnnm 5 

1 , 5 2t^SiJL. ^3«omfiil 8$-V^<7>«fiS5 

1 , 5 2 <7)*f is] L/c-Ksisoraic-efL-rti^iig d Tt'ttm l 

V^-tllSfi0«2-6i:P^S(^;^»^-C\ fifil4PIl:-C*^. « 

msi, 5 2\,zm^^ixhvs.tmM\s\,zmw^fih 
mmtwdnzmn^Kh . i^-c. mus 1 , 5 2 

ffil 8<0P^PidS:2<X7C7* l-->yi5'Jga®li4c0S7L 
iSfflaJ:OMN$<-f--S.i:i:tJc:. -eofiiKtc 2^(567 
=r h- >y ^'^B^B^j^j5g-ri,STL3 ^-^^^Srv^i.atct 
T. i<7)^li*i3t^ffitaS)-I.V^{4^|tt^V>J;a{c$tL 
T V^l, ^ i: {4SIM01J6 i: n M.X'hh. 
[0069] JlKl^fiaiSlCtSV^Tt. V^m®5t'S 
i^ix/v:Mli{4. Vmi. 5 1 Pal. mi . 5 2ratcmffi 
^rSttn^ii^i;. \m^ixtz2<i:.7tyirV-^y9m^B^ 
mt^j:t. 2<!KjtyiirV--/-^1^iymi4cr>y^V--y 
^^<>y Hflliifc J:t/«E9JJpfc J: hmm^fitz 2Wx.y 
* h--y^MB^fflftS07:f b^-y^?yN'yKffiit(4. mi 
cO^M^JcOJ^-^hlSltT^)?. (113. 4#Hg) , HJfiflJ 

-•y^ife^M^{43t#«^fctT#ffl-rS, flP^. W§L 
1. 5 iratcmEVSrEpJuLT. ^t^T'f^N'-l ll:J: 
03Kx4-;l^^-*>'A<O3t^AI*$-^Si:. Alt3K{415lfB 
'^fd-z2Wtyi:y-^y91^mm:m&X.X%yy^ 
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[0070] tZ *l|]te0!l8T'{4. V^omiE 
5 1,52 (r)n\pi LtzmM<7)^\,z\i'm 3 <r)9m 18^-5- 

ij;$ijtP$ixstcofc i,tz(r>x\ mi , 5 1^. mii 

1,52 f^\iz<r>7).ns.^m\i LX%y r A ^N'- 1 1 \,zi. 

r^f^~\2\,zmm.'^f\.h<r)7i.X'h^, ^rHf^r/o, 

1 8tc{4«ffi75*EPJD$fiTv-»^i^3&>^,. mSl Stem 
■r-l.2»5c7*h-«y^iga®ii{4, iSiP$ilfc2i):7C 

L^:V^. -eti»9>i.. V^c7)m5 Hc**lS-t-&2iJi:7C 

i?i^a^^t^-5r3t2r^&LTt>. «ffil 8lCji*ie-r 

L^V^. V^c7)«li5 2t*^;E-ri><ififP$ixfv:2<):7C 

y^v-v^^^^mz\x{=m'^fv>-j:\M3^hxhh, 

[007 1] «®1. 5 IPbI. ««il. 5 2^1:1 

EpjDt/i^tcti, «fii5 1 , m@5 2tcm-r-?. 2»: 

•y ^ ^a^ftglc^r § i: 1 1 tc, 1 8 tcm-TI. ffi^ 
tigti|i$t;.-t2»:7C7*h-«yi?ife^«i^(:^S. 
if^-iX . 3fe-7 r 1 1 tci 07tx:t-;Udf^-*<Ac7)3t 
Sr AS* i: , Al*3fc{4m® 1 8 
a^$ti.T3t7r-f-'N'-l 3, 1 7fcaJ:'3$ix-I.C:i:(:^ 

[0072] ic7)iS#g(i:nri£e<)T'*) 0 , 3t7 r ^ 1 

*>|i|^TS>l». -f^i5*>. «fiil, 5 1|@|, m«il. 5 

2 fiAzo:>?imS.^ MD L/c^^-^Kti:. Al+Ttfi^t:? r ^ 
>'N'-1 7{c<^;ziLfES^ix. K 5 ira. ffilil . 5 
2 PaltcmEESrEpjD-r-l. i: t tc. «@ 1 , 1 SPalt 

V ^ EPJd L!^c«-^lc{i. Alt3li{i:5K7 r ^ ^n'- 1 1 , 

1 2fctfEJS$fLl>. 

[0073] vlcT) J; 5 iC. *^M0lJ8«, 1 , 18 

^3<IIS7tX^ >y ^i: \.XW^^^h i t S . 
{'m9<r)mm) m 6{4, 4x4C07t3cM5i:L-rf^ 

m-h^wm^mm^mmx'tbh. -m^mwt. % 

S(^mmoy^m.%:^^ >y^^4offl^-&iy<J:T4x 

$>S. 1{4^1<7)B^. 2{i:«^^»iK. 3 {4m. 

4 {4«^3t^»K 2 >f <7) 2 »:7C7 =r h y ^ ^^Mii. 

5 1. 5 2. 5 3fcii;"54(4|g2com@, 181-1 



^iJg|5A«S:tl6lU3tW^M<^)«fii5 1-5 2J3j:t/|l5S|J35)« 

*t|6lL7tW^<7)fl:@5 3-54^;L, m®5 IfeJct/ 
5 3<?)4'dfe§P{4-#:-fbL;^>:. ^3c7)mi 8 1 - 1 84 

Srw^om® 5 1-5 2<mn\^fzmm>(r)miis^xpN 

^comii 5 3-54 <?)S!tl<a L7tiSIS5<^)^tC-?-itmig 

PSd KWr^\tmm ^c'ttMLTieSt/vi^i:, tJitm 
^C7)««g 5 1-54 <04Sgl5t=3tSrS^-r-S tdsbcTy^y 

•CieSfe0il2-6*5J:TX8i:S^r2.<^;^i^-C. ffeliHt-C* 

^. «fii5 \ -5A\zms^fihn&.tmm\^\-\ 
sA\iz'fm^i\.hm&\msL'i,z%m^tihh.'tuz. m. 

tfWi<jfc^ri?ix^. d^LT. mffi5 1, 5 2i:«ffil8<0 
W^6.^2^d5tyiiY--/^ ^S^m^A <0^?U1W a J: 
Oi»'h$<-r^i:i: tt::, ^<7)ffiH{c2yi:7c7:r hri.y 
^'3S^$rJ^fK-r^S7L3$:-^^^vUdfcLT. 

[00 74] *SISfem'{4. Il2<7)mffi5 1 , 5 2. 5 
3JdJ:V5 4c7)MSggl5c02<is:7C7* h--yi?iS^^^4 
\,znmt^^W.Z. %yr>i ^N'-TAIt^t S 1 . S 2 . 
S3t3j;T/S4SrjDi.-S.*<. Il3c0m® 1 8 1 - 1 84 
tmmi<^mi,zmm}\,zWBit:Mx.i>:it^zX^. 
3feSl' . S2' . S3' t3J:t/S4' cOV-i-m^HCfl) 

[ 0 0 7 5 ] 0lj;t{f . mmitmM5l, 5 2. 5 3tJ 
J:t^5 4<7)P^t^«EV2rEK!inL. «iil tmSSl 8 1 - 
184iOia<OV^-rtltCfcmSrEpjDL=5rV^4^«T'. x;t^ 

;p=5f~*«A<oAftf3tes 1 - s 4 ^xm-^ i: . mags 

1. 5 2. 5 3i5j;t/5 4fc>^JE6-f-|.{4gi0 2<J:7C7* 

m^mt ^^tai-^(7)x\ xm^s i - s 4 imM i 

8 1-1 8 4{>znm-i-^iiLmxmm^^sjk^ixmm. 

^tl^'tltii:hytSl' . S2' . S3' mX/S4' t 
[0076] — :*r. «®1 i:^5 1 . 52. 53tJj; 

x/5 4<7)mzmBv^ma-t^ t bhiz. mmitrnm 

18 1-1 8 4C0StCtmflESrEpjDL7ttt.^T'. x;t>;U 
=i{^-*iAc^A*f3feS 1 - S 4 Sr AW-r-l. i: . 5 1 , 
5 2. 5 3t5j:rX5 4lcStlB'rSfiiS«02<JC7C7*hx 

^mt =3r-s (r>?*-^j:h'f . m@ 1 8 1 - 1 8 4 ^iznm'fh 
m.x'i>2wty* h-^y:!'f^^mmimm^titz2ix 

7ty:th-'y^'m^Mik^j:&<7)X\ AI*3tSl-S4 

i±mM 18 1-18 4 ^zMm^^amx-mm^tL^ ^ t 

^<7M^. Km^SUmii^SA' ic. Al* 
3KS2{4tll:>33fcS2* AltJtS 3{4ai:tl3tS 3 ' 
fc. AS*3tS4{4ai:b3Ksi' tc. -?-ti-?^Lai:»3$ix 

I., 

(-ec^flfioiiss0ij) ±KE<o^i6&0iK'(4. mmut2wt 
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